Aim: For the treatment of polydipsia, medication and occupational therapy are implemented. Since polysipsia canʼt be completely intercepted, patients are isolated or restrained in severe case. Determining the predictive factors of polysipsia may lead to decreasing abnormal water consumption. This study aimed to reveal the influence of subjective oral dryness, salivary volume and other factors including medication on polydipsia in patients with schizophrenia.
Introduction
Some psychiatric patients consume abnormal quantities of water. Rowntree(1) was the first to report this behavior, and it has since been termed compulsive water drinking(2), psychogenic polydipsia (3), primary polydipsia (4) or polydipsia-hyponatremia syndrome (5) . This abnormal consumption of water may induce hyponatremia, water intoxication and rhabdomyolysis. In severe cases, cerebral edema leads to death. Polydipsia is often observed in many psychological diseases, for example schizophrenia (6, 7) , affective disorders (8, 9) , mental retardation (8, 10) , personality disorders (8) epilepsy (8, 11) and alcohol-related disorders (9) . Polydipsia has been defined by researchers; however, there is little agreement about its prevalence and treatment.
The prevalence varies from 10.8% of psychiatric hospital inpatients (11) to 20% of chronic psychiatric patients, 10% of chronic psychiatric patients were reported to have hyponatremia (12) . In addition, polydipsia appears 5-10 years after diagnosis of schizophrenia, and water intoxication and other complicated symptoms appears much later (13) .
Although medication and occupational therapy are implemented to treat abnormal consumption of water, they cannot intercept polydipsia completely. In severe cases, patients are isolated or restrained. Since physical restriction is one of the final methods, a new and more effective treatment method is desired. One possible solution is treatment of oral dryness. If decreased salivary volume or severe subjective oral dryness induces polydipsia, there is a possibility that sialogogues, herbal medicines and artificial saliva could reduce polydipsia. Although some investigations have been conducted to reveal the relationship between polydipsia and gender (8, 11) , age of onset (14) , tobacco(15), medications (16) , salivary volume (17, 18) and subjective oral dryness (19) , there are no reports that discuss the relationship between polydipsia and salivary volume and subjective dryness in the same subject.
The purpose of this study is to discuss the influence of subjective oral dryness and saliva on polydipsia, and to reveal the predictive factors that induce polydipsia in patients with schizophrenia Salivary volume was measured using the 30 second cotton roll method (24) . The dental floss was attached to the cotton roll and was held by an investigator (M.N) during the 30 second period to prevent swallowing it. Subjects were asked not to do oral activities, such as eating, drinking or brushing their teeth, one hour before the measurement. Patients who could not withstand being without water for one hour were required to refrain from drinking water at least five minutes before measurement. Salivary spinability was measured using a Neva Meter (Ishikawa iron works, Japan) in subjects who were able to collect their saliva from their oral floor by a pipette.
Materials and Methods

Subjects
Statistical analysis
To compare patients with and without polydipsia by age, 
Results
Characteristics of subjects
Twenty-five subjects (20 men and 5 women, mean age 53.7 ± 12.5 years old) were in the PD group and 27 subjects (15 men and 12 women, mean age 55.9 ± 11.9 years old)
were in the NPD group. There was no significant difference in the present age between the two groups. In the gender difference, there were more men than women in the PD group. The mean age of onset of schizophrenia was 21.7 ± 5.9 years old in the PD group and 26.9 ± 9.6 years old in the NPD group. The duration of suffering was 32.0 ± 11.8 years and 29.0 ± 15.6 years in the PD and NPD group, respectively. The onset age of schizophrenia in the PD group was significantly lower than the NPD group.
Medical histories of the PD group were constipation of three days or more (n = 9), diabetes (n = 4), hyperlipidemia (n = 2), cardiovascular disease (n = 2), gastrointestinal disease (n = 2), mental retardation (n = 2) or epilepsy (n = 1). Eight patients had no complications, and nine patients suffered from a combination of complications. In the NPD group, patients had constipation (n = 9), diabetes (n = 2), hyperlipidemia (n = 3), cardiovascular disease (n = 3), gastrointestinal disease (n = 2), epilepsy (n = 2) or chronic thyroid disease (n = 1). Nine patients had no complications, and six patients suffered from a combination of complications. Because diabetes and thyroid disease may decrease salivary volume, these patients were excluded from the analysis. In addition, one subject in the PD group was excluded because a full set of data was not obtained. Table 1 shows tobacco, frequency of mouth opening and subjective oral dryness. The PD groups tended to have severe subjective oral dryness and to open their mouth frequently, but there was no significant difference.
Medications and salivary secretion
The types of prescribed medications were antipsychotics, cholinergic antagonists, anti-anxiety medication, hypnotics, antilipemic agents and anti-ulcer agents. The number of medications varied depending on the individual and ranged from 1 to 16 in the PD group and 2 to 8 in the NPD group.
The PD group was prescribed significantly more medication (Table 2 ). The number of xerogenic medications, and CPZ equivalent doses were not significantly different between the two groups. The number of antipsychotics was 2.0 ± 1.1 in the PD group, and was 1.9 ± 0.7 in the NPD group.
The median of salivary volumes of the PD group and NPD group were 0.03 g and 0.04 g, respectively, and there was no significant difference between the two groups ( Fig. 1-A) . In addition, the median salivary spinability was 3.0 mm in both groups ( Fig. 1-B) . There was no significant correlation in salivary volume and medications, xerogenic medications, CPZ equivalent dose, subjective oral dryness, and salivary spinability.
Predictors of polydipsia
To assess the predictive factors of polydipsia, a multiple logistic regression analysis was conducted. The candidate explanatory variables, which were determined by the univariate analysis, were age, number of cigarettes, age of onset of schizophrenia, CPZ equivalent dose, number of medications, number of xerogenic medications, serum sodium level, gender, tobacco, and mouth opening ( Table 3) .
The results of multiple logistic regressions are shown in Table 4 . All explanatory variables written in a table were statistically significant and the model was well adapted.
Discussion
The present study demonstrated predictive factors of polysipsia were tobacco and number of medications.
Therefore, polydipsia may be reduced by decreasing the number of medications and quitting tobacco. Although there Table 1 Tobacco, frequency of mouth opening and subjective oral dryness Table 2 The number of medicines, xerogenic medications, and CPZ equivalent dose were some previous studies that showed the risk factors of polydipsia, the present search was the first study that included salivary volume and salivary spinability as explanatory variables in logistic regression analysis, to the authors knowledge. The salivary volume was expected to be related to polydipsia; however, the salivary volume was not differt in the two groups. However, compared with the cut off value by Funayama, salivary volume was clearly low in both groups (24) . There were two possible considerations.
First, because the decreasing salivary volume and increasing oral dryness was a characterize factor of all schizophrenic patients (25) , there was no statistically significant difference between the two groups. There is a possibility that decreasing of medications or changing to other medications without an oral dryness side effect may relieve these conditions in both groups. Secondly, the method of measurement salivary volume might make an artifact. To measure salivary volume, the draining method, spitting Table 3 The results of the univariate analysis Table 4 The results of multiple logistic regression analysis method and suction method were used. The draining method and spitting method are difficult for patients who cannot spit out their saliva to perform. In addition, the suction method needs a vacuum device. Therefore, the cotton roll method was used in this study. However, there were some patients who could not keep a cotton roll in their mouth without moving their tongue. There is a possibility that their tongue movement increased their saliva.
Unfortunately, the tongue movement was not recorded, In (29) and Leon et al. (30) showed that tobacco may be a risk factor for water intoxication, however, the study by Emsley et al. (31) did not find any significant differences, there is no consensus in this issue. This study reveals that the age of onset of schizophrenia in the PD group was significantly lower than the NPD group. It is reported that polydipsia appears 5-10 years after the diagnosis of schizophrenia, and water intoxication and other complicated symptoms appears much later (13) . However, multiple logistic regressions failed to reveal that the age onset of schizophrenia was a significant factor of polydipsia.
In a previous study, the relationships between the duration of suffering, tobacco, gender, psychotropic agent, CPZ equivalent dose and polydipsia were investigated, but only the duration of suffering and lithium were observed to be related to polydipsia (32) . On the other hand, a report has indicated that the main reasons for drinking excessive amounts of water were tofeel better(85 %), thirst(40 %) and tofeel clean(20%) (29) . In addition, the investigatation of the factors of taste, state of mind, subtype of schizophrenia, compulsive feelings by hallucination and delusion, and belief of washing oneself is needed. Further research is required to reveal the predictive factors that influence polydipsia, and to establish an effective treatment without isolation and restriction.
There are some evaluation methods for polydipsia, such as questionnaires about the existence of abnormal drinking (33), a morbid polydipsic screening standard (10) and a polydipsic action questionnaire (20) . Because these are questionnaire methods, there is the possibility that variations may arise depending on the subject or investigator.
Therefore, to evaluate patients suffering from polydipsia more objectively, novel evaluation methods by normalized diurnal weight gain (NDWG) have been proposed (34, 15, 32) . In this study, the evaluation method by Iwanami was used, which is the definition of morbid polydipsia that adds NDWG and the existence of hyponatremia (20) .
The PD group frequently opened their mouths. It was assumed that there was a positive correlation between frequency of mouth opening and subjective oral dryness, because evaporation of saliva may induce subjective oral dryness. However, we could not reveal the correlation.
There was a possibility that mouth opening did not mean that breathing was conducted via the mouth. Therefore, an additional questions asking if patients used their mouth to breathe should have been included. In the present study, opening frequency was answered subjectively by the patientsʼ feelings. Another method, for example, observation by nurses, may be useful.
In conclusion, it is suggested that the predictors of polydipsia were tobacco and number of medications.
Polydipsia may be reduced by decreasing medications and quitting tobacco.
